other some antitrypanic body which may be called mouse-poison. In the mouse the trypanosomes become resistant to both of these. On transmitting these resistant forms to the rat they meet a new poison to which they are not resistant, and those that survive this and multiply are destroyed when they meet the combination of rat-poison and atoxyl.
Many other points of interest arise in this new method of therapeutic study, but I trust that I have made clear to you that a new study has been introduced, and one that promises to throw light on some very obscure points in general therapeutics.
Salicylates as Retentives: their Effects on Capillary Circulation, Blood-pressure and Uric Acid in the Brood.
By ALEXANDER HAIG, M.D.
Figures and Experiments by K. G. HIAIG.
As I have pointed out in "Uric Acid," edition 7, chapter ii, the salicylates are solvents of uric acid, and, like the other well-known solvents (the alkalies, i.e., alkaline salts of sodium and potassium), aid its elimination in the urine. And it is by this removal of uric acid that they relieve the acute arthritis of gout or rheumatism, as well as the chronic arthritis, myalgia and other irritation of fibrous tissue in any part of the body due to the same cause. But, as I also point out (previous reference), there are certain conditions in which salicylates cease to be solvents of uric acid; and in some of these conditions they may not only do no good in the above-named troubles, but may do actual harm, producing arthritis instead of removing it, and causing very decided rise of temperature and acute irritation of fibrous tissues. Some of these conditions, about which much has been -said already in "Uric Acid," are: the administration of salicylates in certain proportion with alkalies, or their administration in conditions (e.g., heat and perspiration) which act like alkalies in increasing the alkalinity of the blood and decreasing the acidity of the urine.'
IPhave also referred to the well-known fact that salicylates are of comparatively little use in the arthritis met with in warm climates, or even in this climate in very warm weather; but I have shown that their activity can be increased under these conditions by keeping the patients cool and applying cold to their joints.
I have also shown that, within certain limits, acids aid the salicylates and increase their solvent power; this accounts for the fact that salicylic acid is a more powerful solvent than its sodium salt, also that aspirin and novaspirin are still more powerful, because in them an acid radicle has been combined with the salicylic acid. Salicylates also act best in fever when acidity of urine is high, and least well in conditions of debility where the acidity of the urine is low.'
We have arrived, then, at this-that alkalies and heat, which diminish the acidity of the urine and increase the alkalinity of the blood, rather hinder the solvent powers of salicylates, while acids and cold, which have the opposite effect on theurine and blood, rather aid their solvent action.
In this paper I point out that salicylates, under certain conditions of dose and time, may be used to produce retention in place of solution and plus excretion; and that they will then not only do harm in arthritis, but may be used to do good in those collaemic conditions (headache, debility, depiression, fatigue, &c.) which stand at the very opposite pole of causation from arthritis and are due to, and more or less directly associated with, the presence of excess of uric acid in the blood.
The results given in the figures were obtained by Mr. K. G. Haig working on his own blood and circulation in the alkaline tide hours. The capillary circulation being acted on by the capillary dynamometer' invented by me,,and the rate of the return of colour (capillary reflux, or shortly, C.R.) being measured by a metrononme beating half-seconds, the blood-granules and blood-pressure were measured by the methods and instruments described in " Uric Acid," chapter xvii.
The first thing to get is a standard of comparison, and this we have in fig. 1 , which is a C.R. curve on a day when no drugs were taken, beginning at 7>a.mn. and ending at 11.15 a.m. At 7 a.m. the C.R. was 7 half-seconds, the blood-pressure 130 mm., and the water 198 c.c. per half-hour. At 7.30 a.m., and from that to 8.45 a.m., the C.R. had slowed to 8 half-seconds, the water had fallen to 109 c.c., 20 c. 17 c.c. per half-hour respectively, and the blood-pressure at 8.30 a.m. had risen to 145 mm: From 9 a.m. onwards there was a gradual quickening of C.R. till, at the end of the curve, it was only 6'4 halfseconds. Water remained rather scanty till breakfast was taken at 9.45 a.m., and then it rose a little, reaching 108 c.c. in the half-hour ending 11 a.m., when blood-pressure had fallen again to 130 mm. We .,:--
A day without drugs. may note that the most scanty water went, as it generally does, with the slowest C.R., and that the water was more profuse before and after this with C.R. at 7 half-seconds and below. As usual, the blood-pressure rose with the slowing of the C.R. 0 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Fig. 2 shows the effect of taking sodium salicylate 5 gr. at 9.30 a.m., when the C.R. was 7 half-seconds, and the proportion of granules to red cells in the blood was as 1 to 6. By 10 a.m. the C.R. had quickened to 5 half-seconds and the granules had diminished to 1 to 30, and at 10.30 a.m. the urine in an hour had run up to 300 c.c. From this time onwards there was a gradual slowing of C.R., until at 12.30 p.m. it had reached its original level at the beginning of the figure. We learn from this figure that the effect of taking 5 gr. of sodium salicylate was to diminish the blood-granules, increase the urinary water and to quicken the C.R. In fig. 3 , 2i gr. of sodium salicylate were taken at 6.30 a.m., when the granules were 1 to 9, blood-pressure 130 mm., the water 66 c.c. per half-hour, and the C.R. 6-6 half-seconds. There was no decided quickening of the C.R.; on the contrary it slowed, till at 7.30 a.m. it was 8 4 half-seconds, and then the granules were 1 to 7, blood-pressuLre 150 mm., and water, which was 66 c.c. at the beginning of the figure, had now fallen to 24 c.c. per half-hour. At 8.15 a.m. another 21 gr. of sodium salicylate were taken, and at 8.30 a.m. C.R. had quickened to 78 half-seconds and water had risen to 27 c.c.; at 9 a.m. C.R. had quickened to 6,2 half-seconds, granules had fallen to 1 to 29, and blood- Effect of two small doses of salicylate of sodium.
pressure to 115 mm., while water had risen to 31 c.c. The rest of the figure merely shows the return of the reflux, and at 9.45 a.m. C.R. had slowed again to 8-3 half-seconds, granules were 1 to 11, and blood-/' / / T-_-I pLressure 140 mm. We here see the value of C.R. as an index of the uric acid in the blood, as shown by the granules, the blood-pressure and the flow of urine, which are controlled by the capillary circulation and the things that affect it; and we here see that, as in fig. 2 , the presence of a small quantity of salicylate clears the blood of uric acid and affects all the things that are dependent on this. If the C.R. had been quickened by mercury, morphia, an acid, or any other retentive of uric acid, precisely similar results would have been produced. Whereas, if the dose of salicylate had been large (15 to 20 gr.) in place of small, the C.R. would have slowed instead of quickening, the granules would have increased instead of diininishing, and the urine would have diimiinished instead of increasing.
In another figure, obtained in this research, but omitted to save s1)ace, a quickening of C.R. similar to that in fig. 2 was produced by 5 gr. of sodium salicylate taken at 7.45 a.m., and came to an end at 10.30 a.m., when a further dose of 21 gr. produced another quickening, and here the urine increased from 74 c.c. in the slow period up to 210 c.c. in the period of second quickening. And in still another figure the granules were examined every fifteen minutes after a dose of 21 gr. of sodium salicylate, when they were 1 to 10 before the dose, and in the succeeding periods 1 to 17, 1 to 20, and 1 to 28; the last corresponding with the period of greatest quickening of C.R., and with a fall of bloodpressure from 140 mnm., before the dose, to 110 mm. at the time of greatest quickening; this returning again to 140 mm. at 10 a.m., when the C.R. curve had also returned to its original level. We have here, then, practically bomplete evidence that the effect of a small dose of salicylate is to clear the blood of uric acid, and to bring about all the effects of this clearance which other retentives can produce -viz., quickening of the capillary reflux, fall of blood-pressure,and a more or less marked diuresis corresponding with the amount of water available for this purpose in the body.
It is interesting to note in fig. 3 that when the salicylate failed to clear the blood of uric acid (being no doubt overpowered by the large amount of alkali present in the early morning) it also failed to produce any of the results which usually follow the clearing of uric acid out of the blood, for the C.R. remained slow, granules numerous, and bloodpressure high. And this leads me to remark that it appears that, in order that retention may be produced with all the phenomena secondary to it, there must be more or less a balance of solvents and retentives. If alkali is present in force it can act as a solvent in spite of a small dose of salicylate, or if salicylate is in force it can act as a solvent in spite of some alkali; but at a certain point the alkali is just enough to interfere with the salicylate, and the latter is just enough to interfere with the alkali, and then there is no solution at all but retention and its effects, as we see in these figures (compare results of the balance of salicylates and alkali when passed through the uric acid filter, " Uric Acid," edition 7, pp. 173, 174). The explanation of these results, as previously given by me in reference to the action of salicylates in arthritis (previous reference), is, I believe, as follows: In the alkaline tide at 9 a.m. the uric acid was in solution with alkali in the blood in considerable quantities, hence the granules were numerous, the C.R. slow, and the blood-pressure somewhat raised; on this there supervenes the absorption of a small quantity of salicylate, which was in the blood in sufficient quantity to prevent solution of the uric acid with the alkali, and yet was not in sufficient quantity to get the uric acid into solution itself. Hence the uric acid was not in solution with alkali, nor in solution with salicylate; in fact, it was not in solution at all, but was more or less completely cleared out of the blood, as demonstrated by the fall in the number of granules. The quickening of C.R., the fall of blood-pressure, the diuresis and the fall of granules are constant results of clearing the blood of uric acid by whatever means this may be accomplished.
While the effect is passing off, the C.R. slowing and the bloodpressure rising again (as from 10 a.m. to 12.30 p.m. in fig. 2 ), those whose hearts are weak (not necessarily any valvular disease, but weak in muscle tone) may experience a certain amount of fluttering or palpitation, showing that the heart is inconvenienced by the increasing peripheral resistance. The same thing occurs after the exhibition of a nitrite, and I have suggested in " Uric Acid," p. 361, that this faltering of the heart before rising blood-pressure after a nitrite may be looked upon as an indication that chloroform may be dangerous for that patient.
The retention produced by a salicylate rises slowly to its maximum in about an hoar, and then slowly passes off again; and this slow action and long duration of its effect is a distinct advantage on the side of salicylates as compared with nitrites.
If the above experiments had been performed on a patient who was subject to arthritis, we should possibly have got not only a quickened C.R., a fall of blood-pressure and a diuresis, but also more or less marked signs of pain and inflammation in some of the joints, thus showing where the uric acid had gone. But in the case before us the uric acid was, most probably, driven out of the circulation into the liver, where it remained without apparently giving any signs locally, and was as gradually returned into the blood in about its original quantity, slowing the C.R. to its original rate in about sixty to ninety minutes, so that the whole fluctuation produced by 5 gr. of salicylate lasted from two to two and a half hours.
If the dose of salicylate had. been -larger, 15 gr. to 20 gr. instead of 5 gr., there would have been little or no quickening of C.R., no diminution of granules, and no diuresis. The salicylate would itself have acted as a solvent, so that the granules would rather have increased, the urine remained scanty, and the blood-pressure as high as at 9 a.m. (This is an experiment already given in " Uric Acid," p. 95.) My object in this paper is to point out that the salicylates, which, under certain conditions and in certain doses, are powerful solvents of uric acid and aid its elimination from the body, thus curing troubles due to its local accumulation, are, under other conditions and in smaller doses, retentives of uric acid, hindering its elimination and doing harm in arthritis and other conditions due to local accumulation, while doing good in collemic conditions associated with excess of uric acid in the blood; that the capillary circulation in either condition is a reliable guide to the results the salicylates are producing; that, when salicylates fail to do good in arthritis or even do harm, it is because something has interfered with their action as solvents, thus preventing their slowing the C.R., increasing the granules in the blood and the excretion of uric acid in the urine; and that, once the cause of this failure has been found out, the result can be controlled-e.g., excess of heat can be met with cold, and excess of alkali with acids.
On the other hand, when salicylates, which have been regarded as solvents, cure a collaemic disease (e.g., headache), it may be because they have really acted as retentives. It has, I think, long been known that salicylates in small doses will sometimes cure a migraine, and I believe that investigation will show that in such cases they have quickened the C.R., cleared the granules out of the blood, and caused a diuresis (as shown in some of the figures), and that the relief or cure of the headache has been the result of this action-i.e., is due to retention and not to elimination of uric acid.
And this has an interesting bearing on some cases one meets with in practice. Thus not long ago a doctor in practice in Chicago wrote to me to ask why his headaches had been worse since he had been taking salicylates, and on investigation it came out that he had been taking small doses, much too smnall to produce elimnination, and which had, therefore, probably relieved temporarily by causing retention; but as the uric acid was not being cleared out, but, on the contrary, retained, it follows that the headaches would get more and more severe on this treatment, the more the uric acid accumulated. And this is true not only of this particular instance, but of all cases. There is no way out of collemic troubles by retention, for this must eventually make matters worse, as the quantities of uric acid increase. Much more is this the case when retention is produced by the administration of a xanthin compound (e.g., caffein), for then present relief is due to retention, but the quantity available for future mischief is being increased both by retention and introduction. In the case above-mentioned the headaches improved when the small doses of salicylate were discontinued.
There is evidence then that small doses of salicylate can be used in place of acids, or salts which act as acids, or of morphia and many metals, all of which hinder the solubility of uric acid and so affect the blood and circulation, and which have for this reason commonly been resorted to for the relief of migraine in the past; and all of them, when they produce this result, act like a small dose of salicylate, the action of which has been described in this paper-i.e., clearing the blood of granules, quickening the C.R., and causing a diuresis.
There is also a point in which the retention produced by salicylates has an advantage over that produced by other drugs (e.g., opium), for as opium acts as a retentive chiefly by diminishing peristalsis, and so (by increasing the absorption of acids from the large intestine) raising the acidity, it follows that everything that lowers acidity, such as debility, hot weather, or, still more, diarrhcea, will greatly interfere with the action of opium. Opium will have to overcome the diarrhoea, or raise the acidity in spite of that or general debility and malnutrition, before it can have any effect on C.R. and blood-pressure; but salicylates will not be hindered by these things, as the more alkaline the blood the better will they act as retentives. Similarly, a hot climate is rather against the action of opium, as heat tends to increase the alkalinity of the blood. Hence, no doubt, the natives of India, who depend on opium for their powers of endurance, have to take a larger dose than would be required to produce the same result in a cool climate. A hot climate, as we have seen (" Uric Acid," p. 762), also interferes with the solvent action of a salicylate and favours its action as a retentive.
It may be thought that, in these conditions of high alkalinity, mercury or other metal, which forms an insoluble compound with uric acid, -would act directly and cause retention; but, as a matter of fact, if mercury causes intestinal irritation or increases diarrhoea, it thus brings so much more alkali into action that its power as a retentive is very greatly diminished. Hence we see that the retentive action of salicylates is so much the more useful because they will often act in debility, malnutrition, diarrhcea or great heat-the very conditions in which other retentives are mnost likely to fail. But salicylates themselves also will fail if the circulation is so much upset that there is no absorption from the stomach, just as we know may occur in certain conditions of headache or epilepsy (see " Uric Acid," chapters vii and viii).
When in hot weather salicylates are found to fail in curing acute rheumatism, it will be found that C.R. is quick-i.e., the salicylates are acting as retentives and not as solvents. On the other hand, when in cold weather they are relieving acute rheumatism and bringing down the temperature, the C.R. will be slow and the blood full of granules. It is often quite unnecessary to examine the blood-granules or the bloodpressure, or to measure the urinary water, as the C.R. is the index of it all. The C.R. in the above figures was taken with my capillary dynamometer and a metronome beating half-seconds, but for 'rough clinical work the point of the finger and counting time will suffice.
A demonstration of the retentive powers of salicylates may sometimes be obtained by taking a small dose (as in one of the figures above described) when exposed to heat and fatigue, and this will also demonstrate the power *of uric acid in obstructing the circulation and producing these fatigue conditions. As I have already pointed out (" Uric Acid," p. 336), there is similar absence of fatigue for many hours on the day after a *course of salicylates is left off, there being but little uric acid in the urine and few granules in the blood. This is no doubt partly due to retention at the dead point between salicylates and alkali, as shown in the figures, for it is followed next day by a plus excretion of uric acid (rebound), often -accompanied by headache, excessive fatigue, and other signs of collkemia. On the other hand, a large dose of salicylate completely does away with the evil effects of cold, as its solvent action neutralizes the precipitant power of cold, while cold aids the solvent effect of the drug.
And the rate of the capillary reflux will demonstrate, from imoment to moment, whether a given dose is, under given conditions, acting as a solvent or as a precipitant; in the former case C.R. will be slow, in the latter it will be quick. So if salicylates are being given in full doses for the relief of a precipitation disease (arthritis), and if, when so given in a hot climate or hot weather, they neither slow the C.R. nor relieve the F-24 arthritis, we know why they fail, and that it is necessary either to make the conditions favourable for their solvent action (i.e., cool the patient and apply cold to the joints), or to give up salicylates in favour of alkalies whose solvent action is helped rather than hindered by heat, as has been already pointed out in the parallel case of bronchitis-a precipitation disease (see British Medical Journal, previous reference).
Lastly, every drug that has any influence on the solubility of uric acid can have its solvent or retentive action demonstrated by exactly the same methods as have been here used to show the retentive action of small doses of salicylates and their effect on C.R., blood-pressure, and the granules in the blood; and C.R. may often be taken as the guide to the results produced, when instruments are not at hand or there is no time for a more complete investigation.
DISCUSSION.
Dr. A. P. LUFF said he would not detain the Section more than a few minutes in discussing that paper, for the simple reason that he considered the matter had been thoroughly discussed often before. Dr. Haig and he were so hopelessly opposed to each other on the question of uric acid as a causative factor of disease that lhe was sure the author would be willing to believe that he did not speak in any offensive manner towards him when he stated that the paper and its deductions were, in his opinion, based upon a series of fallacies. On the printed slip which had been sent round were the words: " The uric acid controls the capillary circulation, which is quick when there is little uric acid, and slow when there is much in the blood." He asked whether Dr. Haig had ever once estimated directly the amount of uric acid in the blood wlhen it was either little or great. He had not read the last edition of Dr. Haig's book, but he had been most carefully through the previous editions, and although there were constant statements as to the atmount of uric acid in the blood, varying under different conditions, not once did he find any estimation of thle uric acid in the blood, nor any account of extraction of uric acid from the blood, or the extraction of anything which could be identified by the only reliable test, namely, the murexide test. He could not accept the recognition of the counting of the granules as an index that uric acid was in the blood; he thought it had been proved that those granules lhad not any relationshil) to the uric acid in the blood. Again, withl regard to Dr. Haig's statement which he had made that evening, and which al)p)eared many times in hiis book, that the alkalinity of the blood varied: as far as lhe (Dr. Luff) could gather from the statements in his book, the variations in the alkalinity of the blood were deduced solely from variations in the acidity of the urine. Not once did lie find that Dr. Haig had used any method of directly determining the alkalinity of the blood, such as the simple process of Sir Almroth Wright. Determinations of variations in the acidity of the urine were no guide to variations in the alkalinity of the blood, and it was useless to talk of the blood varying in alkalinity when those statements were solely based upon determinations of the acidity of the urine. It all came back to the question, Is uric acid a poison ? He (Dr. Luff) emphatically denied that it was. What experimental proof was there that it was a poison? Large doses had been taken by human beings, and administered to animals, but no toxic effects had followed; there had been nothing more than a little nausea and a transient headachle. In leukaemia it was easy to demonstrate a large amnount of uric acid in the blood, in a soluble form, but where were the indications that it was toxic ? There were none, and therefore he maintained that uric acid was not a poison, and he did not know any diseases or disorders in metabolism whichl could be directly attributed to it.
Dr. H. C. CAMERON said lhe was acquainted with Dr. Haig's views, and with the arguments which had been used in opposition to those views; but what he had been particularly interested in was the use of the capillary dynamometer as a means of estimating the uric acid in the blood. Dr. Haig showed a chart with a base-line which was to be taken as a guide for the normal capillary reflux time. He (Dr. Cameron) thought it must be an extremely difficult thing to find such a normal base-line, because, apart from the question whether the capillary circulation was or was not influence(d by the amount of uric acid in the blood, there were so many varying factors which did undoubtedly exercise a great influence upon it, such1 as posture, mental emotion, temperature, or the condition of the digestive organs. It would surely be difficult to place every patient under strictly comparable conditions in relation to all those varied factors, and yet that was necessary to achieve what Dr. Haig had called " the base-line of capillary reflux."
Dr. HAIG, in reply, said the determination of the capillary reflux was an easy thing to carry out, and it could be carried out any number of times a day. As a rule it was done on patients who were in bed, on the front of the chest, while they were horizontal. There the temperature of the skin was that of the whole body of the individual. Among his own cases he had measured the reflux steadily for ten years, and he had curves of his own condition extending back as long. What he had shown on the screen were half-hourly curves, while his own had been morning and evening ones. It was always slower in the morning, and quicker in the evening. In the case of fever it was very quick. In out-patients it enabled one to say whether there was fever or whether it was probable that an individual had Bright's disease. It was a rough guide, and other things must be attended to; but where it was quick the temperature should be taken, as fever cleared the blood of uric acid. Dr. Luff's attitude on the question was not new to him. Several times when he had read papers Dr. Luff had made similar remarks; and he could only say those remarks had not deterred him from pursuing his investigations, and he did not intend that they should now. It was impossible for the substance referred to in the blood to be anything else than uric acid or xanthin. Anyone who would do the granule test, and do it at intelvals for two or three hours, would see that it was impossible for the substance to be anything but uric acid; it came out in the urine as such. He could influence the substance in the blood by half a dozen different drugs. If he had in front of him a patient with a normal capillary reflux, he knew the number of granules he would find. If he then gave salicylate, in one hour the granules would be doubled or trebled in number. If he had a rheumatic fever patient under treatment by salicylate for a day or one and a half days, the granules would be 1 to 1, in place of 1 to 70 before the drug. Similar clhanges could be produced with every drug in the pharmacopceia which affected the solubility of uric acid. If the substance was not uric acid, would anyone suggest what it was? Dr. Luff said it was not uric acid, but he did not say what it was. He showed the granules (Mr. Barker Smith's test) before a meeting of the Medico-Chirurgical Society, but the blood-specimen would not keep. Excess of granules was the sign of what he called collaemia. He would undertake to make them in the proportion of 1 to every 1 red cell, instead of 1 to 70 in anyone. He was certain the statement that uric acid was not a poison was not true; he had himself been nearly killed by it several times, and at least one other person in the room had had his life endangered by it, and was saved by measures which affected the uric acid, and whiclh affected thait alone. Would Dr. Luff be willing to let him administer uric acid? If so, he recommended him to make his will first. His reply to Dr. Luff's statement that it had been administered without ill effects was that he was aware of this. Sir Alfred Garrod gave some 30 grains, and there was no increased excretion. Why? He himself had injected quantities into monkeys and killed the animals after it, yet there was not a grain of it in the blood. This was because it had gone into the liver and spleen, and there it was found. If a solvent were given, the result would be different. He believed people could be killed with it, but attention must be paid to its solution in the blood, and it must not be merely given as Sir A. Garrod gave it. The number of granules or the capillary circulation would tell when it was in solution in the blood. He could only regard that statement of Dr. Luff's as a joke.
